Abstract -Raw clays from the Baltic region are characterized as smectite containing clays with significant amount of naturally occurring impurities that limiting the potential applications of crude Baltic clay resources. Purification of clay samples from Šaltiškių deposit (Venta basin) was carried out by varied concentration hydrochloric acid solutions and resulted in fine removal of carbonates and iron oxide. The main idea of this work is to widen the possible applications of local clay resources providing a new type of raw material for further organoclay production.
I. INTRODUCTION
With the possible exception of vermiculites and micas, clay minerals are found mixed or associated with other minerals and/or amorphous materials. In some applications the clays are used as mined form the deposit without separation or enrichment of the clay minerals [1] . But the identification and specific applications of clay minerals generally requires a purification step. Purification is also required for studying the properties of clay minerals. A common method for obtaining purified clays minerals is fractionation by sedimentation after removal of carbonates, organic materials, oxides and hydroxides. The main purification procedures aredecomposition of carbonates, dissolution of iron oxides, hydroxides and silica and the oxidation of organic materials [2] .
Properties of clay minerals can be considerably improved by various chemical handling. One of the most common modifications is acid activation. This process consists of a treatment of the mineral with inorganic acid solution. The main task of acid activation is to obtain partly dissolved material of increased specific surface area, porosity and surface acidity [3] . One more perspective and effective method for purification of smectite saturated clays is treatment of clay suspensions with water soluble coagulant KOHIDRAC [4] . Proposed method is based on dispersing clay in a phosphate solution and sequential coagulation. This patented procedure can be used for smectite poor clay and allows to increase the proportion of montmorillonite in the clay from 30 % to 70 % by removing carbonates, quartz and other matrix minerals [5] .
Surface modifications of clay minerals have received attention because they allow the creation of new materials and new applications. There are different ways to modify 2:1 clay minerals: adsorption, ion exchange with inorganic cations and cationic complexes, ion exchange with organic cations, binding of inorganic and organic anions, mainly at the edges, grafting of organic compounds, reaction with acids, pillaring by different types of poly (hydroxo metal) cations, interlamellar or intraparticle and interparticle polymerization, dehydroxylation and calcination, delamination and reaggregation of smectitic clay minerals, and physical treatments such as lyophilisation, ultrasound, and plasma [6] .
Organically modified clays are used in many applications such as adsorbents of organic pollutants in soil, water and air; rheological control agents; paints; cosmetics; refractory varnish; thixotropic fluids; components in the synthesis of claybased polymer nanocomposites; precursors in the preparation of mesoporous materials; etc. [7] , [8] .
The synthesis of organoclays is based on the mechanisms of the reactions that the clay minerals can have with organic compounds. Displacement reactions occur when water molecules in the interlayer space of smectites and vermiculites are displaced by polar molecules. Neutral organic compounds can form complexes with interlayer cations. In the case of smectites the adsorption of neutral molecules is driven by various chemical interactions: hydrogen bonds, ion-dipole interaction, co-ordination bonds, acid base reactions, charge transfer, and van der Waals forces. The interlayer cations can be exchanged by various types of organics cations. Grafting reactions, i.e. forming covalent bonds between reactive surface groups and organic species, are important steps to hydrophobize the surface of many clay mineral particles. Only 2:1 clay minerals that provide silanol and aluminol groups on the edge surface react with organic agent by grafting reactions. Organoclays are generally prepared in solution by cation exchange or by solid-state reaction. Cation exchange technique has been used already for five decades [7] .
Ion exchange with alkylammonium ions is well-known and the preferential method to prepare organoclays. In some cases other kinds of organic compounds can be used (pyridinium [9] , phosphonium derivatives, nonionic surfactants, biomolecules, like proteins, enzymes, amino acids, peptides, etc.) [7] .
Smectite group minerals are the most often used for the organoclay preparation due to their physicochemical properties, such as high cation exchange capacity, swelling ability, high surface area and low cost [3] . One of the most popular sorbates for the production of organoclays is aliphatic ammonium organic salt -octadecyltrimethylammonium halide (molecule with one C18 chain in). The interlayer spacing of d (001) plane of the non-organophilized smectite clay mineral are relatively small and material is known to be hydrophilic. Intercalation of an organic surfactant changes the surface properties from DE GRUYTER OPEN hydrophilic to hydrophobic and also significantly increases the basal spacing of the clay mineral layers [10] .
The combination of acid activation with further alkylammonium intercalation provides a great potential for preparation of specific organic inorganic hybrid materials.
II. MATERIALS AND METHODS

A. Procedure of Clay Purification (Simultaneous Deironing)
Nine hydrochloric acid solutions were prepared in water or acetone media, the concentration of purification reagent varied in the range from 10 % to 33 % of the concentration of hydrochloric acid. 50 mL of purification reagent was added to 10.0 g of raw clays from Šaltiškių deposit for purification. Clay suspensions were stirred for 1 h at a room temperature and afterwards decanted. Iron free clay samples were washed with deionized water or acetone several times and then dried at 80 °C temperature. Dried clay samples were crushed into powder in an agate pestle.
B. Sorption Capacity of Clays
Sorption capacity of raw and purified smectite saturated clays was determined by methylene blue method [11] . Different volumes of methylene blue solution were added to clay samples in terms to sorbate the dye. After equilibrium was reached photometric measurements were carried out. The spectrometer Jenway 6300 ( = 664 nm, b = 1 cm) was employed for absorbance measurements of the clay supernatants. The sorption capacity of clay material was established as difference in methylene blue concentrations before and after sorption into selected clay samples.
C. Organophilisation of Purified (Iron Free) Clay
30 mL of deionized water was added to 2.0 g of carbonate and iron free clays in a conical flask. Obtained clay suspensions were mixed and heated at 60 °C (magnetic stirrer BIOSAN MSH300). At the same time the aqueous solution of organic surfactants was prepared for clay modification. Such cationic surfactants as octadecyltrimethylammonium chloride (ODTMA Cl, C18) and hexadecyltrimethylammonium bromide (HDTMA Br, C16) were selected for organophilisation of the smectite. 0.2 g of each selected aliphatic ammonium halide was dissolved in 20 mL of deionized water by heating. Then warm sorbate solution was added to clay suspension, thermostated while vigorously mixing at 60 °C for 30 min. Afterwards clay suspensions were intensively additionally shaken for 24 h (Biosan Multi Shaker PSU-20, 180 rpm). Finally, obtained organoclays were washed with warm deionized water (until Cl − and Br − test was negative). Organoclay samples (grey hydrophobic gels) were dried at 80 °C temperature and crushed into a powder in an agate pestle. The fine powdered samples were used for thermogravimetric (TG) and differential thermal analyses (DTA) analysis.
D. Methods of Analysis
Phase composition of raw, purified materials and organoclays was characterized by X-ray powder diffraction (PXRD) performed on Bruker D8 Advanced, CuKα radiation in 3 -40° 2θ interval with step 0.5° was used. Analysis of chemical composition of clay samples was performed on a wavelength dispersive X-ray fluorescence (WDXRF) spectrometer Bruker S8 TIGER. Clay samples pressed into small pellets (8 mm) were analysed in Best detection mode in helium atmosphere. Results of the analyses are given in oxide formula units. Exstar 6000 TG/DTA 6300 apparatus was employed for thermogravimetric (TG) and differential thermal analyses (DTA) of organoclays obtained from carbonates and iron free smectite samples. Selected samples were heated in open ceramic sample pans at 30-1000 °C temperature range at a rate of 10 °C·min −1 in nitrogen atmosphere.
III. RESULTS AND DISCUSSION
A. Phase Composition by X-Ray Powder Diffraction (PXRD)
The comparison of PXRD data of raw and purified (deironed) clay samples (Fig. 1) confirms a considerable reduction of the amount of matrix minerals after treatment with hydrochloric acid solutions. Intensities of reflections corresponding to calcite (2θ = 29.4°) and dolomite (2θ = 30.6°) minerals are not observed in PXRD patterns of purified clay samples. These matrix minerals were dissolved by hydrochloric acid, producing carbon dioxide gas during the treatment. 
B. Chemical Composition by X-Ray Wavelength Dispersion Fluorescence Analysis (WDXRF)
The comparison of chemical composition of the raw and purified clay samples expressed in oxide formula units is given in Table I . Results of analyses showed a significant reduction of CaO and Fe2O3 content in purified samples as a result of effective treatment by hydrochloric acid solutions.
C. Sorption Capacity of Raw and Purified Clays
Sorption capacity value of the clay samples was estimated by methylene blue method. Sorption capacity of purified clay samples increased in comparison to raw material. Sorption of methylene blue in Šaltiškių clay samples after purification (deironing) increased from 25 to 35 meq per 100 g of clay. 
D. Characterisation of Obtained Organoclays by PXRD and TG/DTA
PXRD data of purified clays and organoclay samples (Fig. 2 ) confirms a successful organophilisation of the deironed Šaltiškių clays. Characteristic reflection of calcium smectite in purified clays corresponding to 2θ = 6.0° shifted to 2θ ≈ 2.0° in obtained organoclays (Fig. 2) . After intercalation of the organic ammonium cation in the smectite interlayer spacing, the basal spacing of clay mineral (d 001) increased from d1 = 15 Å to d2 = 42 Å for ODTMA Cl and d3 = 40 Å for HDTMA Br organoclay, respectively. The thermal effects of a clay sample may be evaluated using TG/DTA; the most informative temperature interval for organoclay characterisation is <500 °C. Usually there are four characteristic TG/DTA events (mass losses) for smectite and its organoclays (Fig. 3, Fig. 4 ): water desorption (a), dehydration (b), surfactant (sorbate) escape (c) and dihydroxylation (d) of clay OH units. The loss of physically absorbed water (a) is observed from ambient to 100 °C temperature. The second step of mass loss takes place till 150 °C and is attributed to dehydration of water hydrating exchangeable cations (b). The third mass loss (c) occurs due to the loss of organic surfactant (sorbate). The fourth step is ascribed to the changes in clay mineral structure and is observed at higher temperature ranges (>550 °C) that theoretically results into amorphization of layered structure (d). TG/DTA data (Fig. 4) confirms the organophilisation of the purified (deironed) smectite sample (Fig. 3) . The amount of water in purified clay is 4.6 %, whereas for organoclay it is only 2.1 %. Purified smectite is expressly hydrophilic mineral and it tends to absorb water, the proportion of absorbed water decreases in organoclay due to hydrophobic nature of obtained material. The mass decrease of organic sorbate (c) in obtained ODTMA Cl organoclays occurs between 200 °C and 450 °C and is about 12 %. 
IV. CONCLUSION
Treatment of smectite saturated clays with hydrochloric acid solutions is easy to perform and it is a less time consuming procedure than purification by fractionation or dialysis methods. The proposed procedure can be employed to reduce the amounts of iron, calcite and dolomite in finished clay samples. All used hydrochloric acid solutions showed similar effectiveness for matrix mineral dissolution, though it is advisable to operate in milder conditions by using acid solutions of lower concentrations to minimize the effect of acid on the clay mineral layered structure. The sorption capacity increases 1.5 times for purified clay samples as a result of the treatment with hydrochloric acid solutions.
Purified smectite containing clays with reduced iron oxide amount can be used as a raw material for the production of organoclays with cationic surfactants in aqueous media.
